Abstract. Urine biomarkers offer a non-invasive method of detecting bladder cancer, monitoring disease progression and predicting disease recurrence and therapeutic treatment efficacy. Tenascin-C (TN-C), as a component of the extracellular matrix, is vital in the progression of bladder cancer. However, there is little to report with regard to urine TN-C and its correlation with bladder cancer grade, stage, recurrence and prognosis. In the present study, 66 samples of voided urine from patients with bladder cancer and 42 samples from volunteers were obtained. The urine TN-C concentration was determined using an ELISA assay. The correlation between the urine TN-C concentration and the tumor grade, stage and time from bladder cancer diagnosis to recurrence was analyzed by a rank correlation analysis. Multivariate Cox proportional hazards regression was used for finding the main life-threatening factors among age, gender, tumor grade, stage, relapse and the urine TN-C concentration. At the end, the Kaplan-Meier method was used to evaluate the survival rate affected by urine TN-C as a single factor. The results indicated that the urine TN-C concentration in the bladder cancer patients was higher compared with the healthy control volunteers (22.5 times higher). Among all the patients, urine TN-C concentration had a positive correlation with the bladder cancer grade and stage, with correlation coefficients of 0.905 and 0.308, respectively; however, this correlation was negative between urine TN-C concentration and the time from bladder cancer diagnosis to recurrence. Moreover, the multivariate Cox proportional hazards model analysis indicated that urine TN-C, like tumor grade and recurrence, may be an independent risk factor for bladder cancer patient survival. However, it is noteworthy that inflammation may affect the concentration of urine TN-C. The results of the present study indicate that urine TN-C may be used as a biomarker for monitoring the recurrence of bladder cancer in patients and for predicting its prognosis. However, inflammation of the urinary tract should be excluded first.
Introduction
In total, >350,000 novel bladder cancer cases are diagnosed worldwide each year (2012), and the majority (>90%) of these are transitional cell carcinomas (1), 70% of which are diagnosed as superficial tumors (Ta, T1 or Tis). Despite previous refinement of various therapeutic strategies, including surgery, intravesical chemotherapy and combination therapy, 50-70% of those superficial tumors are likely to recur (2) . As bladder cancer is a relatively common and potentially life-threatening neoplasm, predicting and monitoring the condition is usually a lifelong process using complicated methods (3) . Cystoscopy is the primary diagnostic method for bladder cancer as it is reasonably accurate, however, it is also invasive and relatively expensive (4) . Urine cytology is highly specific in detecting bladder carcinoma, but it has a low sensitivity in detecting low-to intermediate-grade bladder cancer (5) . The lifelong follow-up of patients by invasive cystoscopy with high costs and by cytology with low sensitivity emphasizes the pressing requirement for a urinary biomarker that offers a non-invasive method for the detection of recurrence and for stratifying patients with a high-risk profile.
Tenascin-C (TN-C), an extracellular matrix glycoprotein, exhibits a morphoregulatory role in fetal development and tissue remodeling (6) . Recently, accumulating evidence has indicated a supportive role for TN-C in tumor growth, metastasis (7) , tumor angiogenesis (8) and the inhibition of immune surveillance (6) . In certain tumor types, including breast cancer, glioma and osteosarcoma, high TN-C expression provides a poor patient survival prognosis (6) . In patients with bladder cancer, a diffuse TN-C staining pattern in the tumor stroma was shown to be significantly associated with a worse overall patient survival rate compared with the rate in those with moderate or negative staining, while patients with Urine tenascin-C is an independent risk factor for bladder cancer patients cytoplasmic expression of TN-C had a significantly improved overall survival rate compared with those without (9) . Most significantly, only the expression of TN-C in invasive bladder cancer was an independent positive prognostic factor for the overall survival rate in the multivariate analysis (9) . However, in another study using univariate and multivariate analyses, it was reported that TN-C expression was not an independent prognostic factor for the recurrence and progression in patients with superficial bladder cancer (10) . Thus, the correlation between TN-C and bladder cancer recurrence and progression remains unclear and requires further research. Various splicing variants or splicing domains of TN-C have been demonstrated to exhibit specific biological functions during tumor progression and may have different diagnostic or predictive values (11) . In breast cancer, the increased expression of TN-C splicing variants containing the B domain is positively associated with the invasive phenotype. Similarly, the A1 and D domains of TN-C maybe useful for determining individual bladder cancer biological behaviors (12) , and detection of TN-C containing the B and C domains in urine may be used as a marker for the surveillance of bladder cancer recurrence and invasiveness (8, 9) . However, since splicing domains may be independently included in the molecule leading to >9 different TN-C splicing variants, which may play different roles in cell behavior, it remains difficult to analyze all the splicing variants or splicing domains of TN-C for diagnostic or predictive values. Additionally, one study (13) also demonstrated that it may result in wrong prognostic impressions if only one or certain domains are investigated due to the comprehensive effect of all the TN-C isoforms, which may be crucial in tumor development.
In the present study, based on the constant domains of TN-C, the concentration of urine TN-C of bladder cancer patients and volunteers was determined by ELISA analysis. We aimed to demonstrate the discrepancy of urine TN-C in bladder cancer patients vs. volunteers, and the clinical significance of this discrepancy, including tumor grade, stage and prognosis.
Materials and methods
Urine samples. In total, 66 samples of voided urine from patients with bladder cancer, 42 samples from healthy control volunteers and 33 sample from patients who suffered from urinary tract inflammation without tumors who were enrolled between Nov 2008 and Feb 2012 in the Department of Urology, First Affiliated Hospital of Medical School, Xi'an Jiaotong University (Xi'an, China) were collected. The patient's ages ranged between 32 and 82 years old, with a mean ± standard deviation (SD) of 64.7±12.4 years old and a male/female ratio of 44/22. The healthy volunteers had ages ranging between 35 and 75 years old, with a mean ± SD of 65.3±7.4 years old and a male/female ratio of 29/13. All the bladder cancer urine samples were collected following diagnosis and prior to surgery. Ethical approval for this study was obtained from the Ethics Committee of the First Affiliated Hospital of Medical School, Xi'an Jiaotong University and written informed consent was obtained from all the patients/patient's families.
ELISA analysis. The ELISA kits were obtained from Shanghai Westang Biological Technology Co., Ltd. (Shanghai, China) to target the constant domain of TN-C. The lowest concentration that may be detected by the kit is <2 ng/ml. ELISA analysis was performed by a blinded investigator and each sample was analyzed at least in triplicate. Among all 66 patients, 48 were followed up for their life status until the end of the study.
Statistical analysis. Student's t-test was used for analyzing the differences in the TN-C concentrations between the patients and volunteers. A rank correlation was used for evaluating the correlation between the urine TN-C concentration and the tumor grade/stage and the time from bladder cancer diagnosis to recurrence. A multivariate Cox proportional hazards model was used to analyze the main hazard factor of survival rate among other factors of age, relapse, gender, grade, stage and concentration of TN-C, and the Kaplan-Meier method was used for the survival rate analysis. A value of P<0.05 was considered to indicate a statistically significant difference.
Results

Urine concentration of TN-C in bladder cancer patients is higher than in volunteers.
All the 66 bladder cancer patients had been diagnosed with bladder cancer for the first time and they had no history of cancerous disease. The clinicopathological data of the bladder cancer patients is listed in (14) . SD, standard deviation. Table I . The mean concentration of the TN-C in the voided urine was 0.0630±0.0331 vs. 0.0028±0.0026 for the bladder cancer patients vs. the healthy control volunteers, respectively (P<0.001). The t-test analysis indicated that between the two groups, the concentration of TN-C in their voided urine was markedly different, as shown in Table II and Fig. 1 . The results of the present study indicated that the bladder cancer patients had a higher concentration of urine TN-C compared with the healthy volunteers. However, as reported, our results also provide evidence that inflammation contributes to the elevation of urine TN-C (Table VI) .
Urine concentration of TN-C has a positive correlation with bladder cancer grade and clinical stage.
In order to illustrate the correlation between urine TN-C and tumor grade/tumor stage, the urine TN-C concentrations for differing grades and stages are listed, as shown in Table III . From grades 1-3, the urine TN-C concentration (mean ± SD) was 0.0299±0.0100, 0.0592±0.0155 and 0.1061±0.0141 µg/ml, respectively (P<0.05), however, from stages T1 to T3, the urine TN-C concentration was 0.0593±0.0379, 0.0659±0.0259 and 0.0916±0.0263 µg/ml, respectively (P<0.05). The rank correlation analysis indicated that the coefficient between the concentration of TN-C and bladder cancer grade was 0.9050, and this value in bladder cancer stage was 0.3080, which indicates that the urine concentration of TN-C had a more significantly positive correlation with the tumor grade compared with the tumor stage; the P-value was 0.0000103 and 0.0220034, respectively, as shown in Table IV . These results indicate that the urine concentration of TN-C has a positive correlation with the tumor grade and tumor stage, particularly the former.
Urine concentration of TN-C has a negative correlation with the time from bladder cancer diagnosis to recurrence. In order to illustrate the correlation between the urine concentration of TN-C and the time from bladder cancer diagnosis to recurrence, 48 bladder cancer patients were followed up. In total, 16 of these patients exhibited cancer recurrence (33%), and during the follow-up stage, all 16 patients only had one recurrence. The rank correlation analysis indicated that the .001. Urine concentration of TN-C in bladder cancer patients and volunteers (µg/ml). As shown, the urine TN-C concentration of the bladder cancer patients was significantly higher compared with the volunteers. TN-C, tenascin-C; M, male; F, female; SD, standard deviation. coefficient between the urine concentration of TN-C and the time from bladder cancer diagnosis to recurrence was -0.8740 (P= 0.0003), as shown in Table IV and Fig. 2 , indicating that urine TN-C concentration has a negative correlation with the time from bladder cancer diagnosis to recurrence.
Urine TN-C is one of the hazard factors for the prognosis of bladder cancer patients. Among the 48 bladder cancer patients who were followed up, 24 succumbed to bladder cancer (50%), 16 suffered recurrence of the disease (33%) and the other 8 patients remained alive without bladder cancer (16.7%). In the present study, factors, including tumor grade, stage, age and gender of the patient, recurrence and the urine concentration of TN-C, were analyzed to evaluate the risk factors for the survival rate of the patients with bladder cancer. The urine concentration of TN-C was divided into four grades denoted 1, 2, 3 and 4 according to their percentile: 1, min-X25%; 2, X25-X50%; 3, X50-X75%; and 4, 75%-max (X represents the concentration of urine TN-C). The Cox proportional hazards analysis revealed that among the six factors, bladder cancer grade, recurrence and urine TN-C were the independent risk factors for the bladder cancer patients, as shown in Table V ; the relative ratio (RR) values were 1.7680, 0.1960 and 1.9310, respectively. The survival rate, as affected by urine TN-C concentration, was then focused on as a single risk factor in Figure 3 . Survival rate caused by urine TN-C as an independent factor. The 48 patients were divided into two groups according to their mean urine TN-C concentration, and the survival rate was indicated by Kaplan-Meier analysis. The survival rate of the two groups are markedly different, indicating that urine TN-C is an independent factor for bladder cancer patients. TN-C, tenascin-C. The cox proportional hazards analysis to find the main risk factors for bladder cancer patients. Multivariate Cox stepwise regression was performed. The relative ratio (RR) values were 0.196, 1.931 and 1.768 for relapse, urine TN-C concentration and tumor grade, respectively. TN-C, tenascin-C; CI, confidence interval; degrees of freedom; b, estimates of the regression coefficient; SE(b), standard error of regression coefficient of estimates the 48 bladder cancer patients. The patients were divided into two groups according to whether their urine TN-C concentration was above or below the mean study value (0.0690 µg/ml), as shown in Fig. 3 . The survival rate between the two groups was observed to be significantly different, indicating that urine TN-C is an independent risk factor for bladder cancer patients.
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Discussion
The most difficult obstacle to the therapeutics of bladder cancer is the high rate of tumor recurrence and the absence of specific manifestations to monitor using cystoscopy following surgery. Due to the limitations of invasive and expensive cystoscopy (15) , numerous urine marker-based tests for bladder cancer have been developed and tested in different populations in the last decades (16), including cytology, ImmunoCyt™, fluorescence in situ hybridization, proteomics, microsatellite analysis and biomarkers, including BTAstat, BTAtrak, NMP22 (17), FDP, Engrailed-2 (18), Apo-I (19) and UPK3A (15) . However, all these biomarkers have their own limitations and must be combined with other biomarkers in order to monitor bladder cancer (20) . Currently, no single urine marker guides us in monitoring bladder cancer perfectly, and a set of novel markers are required. TN-C is a main component of the extracellular matrix in solid tumor tissues (21) , and is a molecule of ~300 kDa as an intact monomer and up to 1,800 kDa when assembled into a hexamer. The multi-domain molecule consists of an N-terminal assembly domain, followed by 14.5 EGF-like repeats, 8 constant and ≤9 alternatively spliced fibronectin type III repeats and a C-terminal fibrinogen-like globular domain (6) ; this special mRNA and protein structure is the reason for its complicated and multiple functions, which involve adhesion/anti-adhesion, epithelial-mesenchymal transition, proliferation and cell cycle control (6) . A growing body of evidence has indicated the vital role of TN-C in breast (7), pancreatic (22) , prostate (23, 24) and lung cancers (25) as well as squamous cell carcinoma of the head and neck (26) . In bladder cancer, TN-C has been reported to contribute to migration and invasion (9, 27) ; this function depends on its isoforms, which are produced by divergent splicing of the alternative domains, and those isoforms may also be regarded as prognostic markers of bladder cancer (12, 28) . In the present study, ELISA kits were used to target the constant splicing domains in order to detect all the isoforms of TN-C in the urine samples. To the best of our knowledge, this is the first study focused on all the isoforms of urine TN-C and the correlation between urine TN-C and bladder cancer grade/stage. The urine TN-C concentration was revealed to be positively associated with the tumor stage and histological grade, which is consistent with a previous study performed in bladder cancer tissues (28) . Additionally, the rank correlation analysis also indicated that the urine TN-C concentration had a negative correlation with the time from bladder cancer diagnosis to recurrence, indicating that a higher urine TN-C concentration may be a predictor for bladder cancer recurrence. Furthermore, the Cox proportional hazards analysis revealed that urine TN-C may be regarded as an independent risk factor for the prognosis of bladder cancer, and the Kaplan-Meier analysis indicated that urine TN-C, as a single risk factor, is vital in the survival rate of bladder cancer patients.
The present study mainly focused on the total isoforms of TN-C containing the constant domain, but not the specific alternative domain, which is different from the studies previously reported (29) . Based on numerous investigations, the superiority of the present study may be attributed to the following points: The exact numbers of functional isoforms that contribute to the progression of bladder cancer remain unclear. The functional isoforms of TN-C may be far beyond the numbers observed in this study. Therefore, targeting one or several specific isoforms of urine TN-C may lead to an underestimation of the actual correlation between TN-C and cancer progression. Furthermore, the concentration of urine TN-C is measured at the nanogram level. Detection of the specific isoforms of TN-C magnifies the random error on this level, since it is too low to be detected perfectly. Detection targeting to the isoform containing the constant domain may provide more accurate results due to its higher concentration compared with any specific isoforms. Additionally, the specificity of the antibodies targeting specific isoforms may also result in false-positive or false-negative errors.
There is another point that is worth noting. The expression of TN-C may be affected by numerous factors (6), including wound healing and inflammation, and the data in Table VI also indicated that the urine TN-C of the patients with infection of the urinary tract was significantly elevated. Therefore, a diagnosis of inflammation/infection must first be excluded .0009. In order to validate whether inflammation has effects on the urine TN-C, 33 urinary tract inflammation patients were enrolled into the study, and these 33 patients were diagnosed with urinary tract inflammation without any other disease. The urine samples were collected and analyzed in the same manner as the urine samples from the bladder cancer patients and volunteers and by the same investigator. As shown, the result indicates that the urine TN-C concentration in the inflammation patients was significantly elevated (P=0.0009). TN-C, tenascin-C; SD, standard deviation.
when using the urine TN-C concentration for predicting the prognosis of the bladder cancer patients.
In conclusion, the present study indicated that the voided urine concentration of TN-C in bladder cancer patients is significantly elevated and correlated with the progression of the tumor grade and stage, and that elevated urine TN-C concentration may be an independent life-threatening factor for bladder cancer patients. The present study thus provides a potentially useful prognostic marker for patients with bladder cancer and indicates that TN-C concentration merits further investigation.
